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Introduction Introduction 

DiabetesDiabetes
A disease in which body does not use or make insulinA disease in which body does not use or make insulin
170 million people have been affected170 million people have been affected
Complications include heart disease, blindness, nerve damage, kiComplications include heart disease, blindness, nerve damage, kidney diseasedney disease

Glucose MonitoringGlucose Monitoring
Monitor blood glucose levelMonitor blood glucose level
Avoid diabetes related complicationsAvoid diabetes related complications
Help in understanding the factors (food and activities) that affHelp in understanding the factors (food and activities) that affect the blood glucose ect the blood glucose 
levellevel

RealReal--time continuous monitoringtime continuous monitoring
Hypoglycemia, Hyperglycemia Hypoglycemia, Hyperglycemia -- large fluctuations in glucose levellarge fluctuations in glucose level
Better manage the glucose level (Trend over a time period) Better manage the glucose level (Trend over a time period) 



Conventional Micro Flow Channel BiosensorConventional Micro Flow Channel Biosensor

•• Biosensors coupled with micro flow channelBiosensors coupled with micro flow channel-- Third generation Third generation 

•• Enzyme layer is placed at the upstream of the glucose flowEnzyme layer is placed at the upstream of the glucose flow

•• ApplicationsApplications –– LL--glutamate, lactate, glucose, glutamate, lactate, glucose, cholinecholine, catecholamine , catecholamine 

•• AdvantagesAdvantages -- Continuous measurement, Reduced sample volume, Low    Continuous measurement, Reduced sample volume, Low    
detection limit, Good reproducibility, low costdetection limit, Good reproducibility, low cost
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Issues with Micro Flow Channel BiosensorIssues with Micro Flow Channel Biosensor

Enzyme surface Detector Electrode

Glucose

Poor current responsePoor current response--
Low Collection EfficiencyLow Collection Efficiency

-- Ratio of the amount product detected at the working electrode toRatio of the amount product detected at the working electrode to the amount of the amount of 
product produced at the enzyme electrodeproduct produced at the enzyme electrode

Low Conversion EfficiencyLow Conversion Efficiency

-- Ratio of the amount of the hydrogen peroxide oxidized at the detRatio of the amount of the hydrogen peroxide oxidized at the detector electrode to ector electrode to 
the amount of glucose passed through the cross section normal tothe amount of glucose passed through the cross section normal to the flowthe flow



ObjectiveObjective

To develop and optimize a new electrode To develop and optimize a new electrode 
design that can provide maximum current design that can provide maximum current 
response.response.



Device ProposedDevice Proposed
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Counter electrode

Outlet Inlet 
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InterdigitatedInterdigitated micro array micro array -- To increase the collection To increase the collection 
efficiencyefficiency

NanopillarNanopillar array array –– To increase the conversion efficiencyTo increase the conversion efficiency



Model DevelopmentModel Development

HH--Hydrogen PeroxideHydrogen Peroxide

PP--Product formed during oxidation of Hydrogen PeroxideProduct formed during oxidation of Hydrogen Peroxide

Enzyme Enzyme 
surface surface 
(ES)(ES)

Detector Detector 
electrode electrode 
(DE)(DE)

ESES DEDE

AA

BB

CC

Channel Channel 

•• Three different designs were consideredThree different designs were considered

•• A model is developed using COMSOL A model is developed using COMSOL 
MultiphysicsMultiphysics to simulate the performance of the to simulate the performance of the 
amperometricamperometric microchannelmicrochannel biosensorbiosensor
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Model  DevelopmentModel  Development
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Convection and Diffusion EquationConvection and Diffusion Equation

NN denotes the flux, denotes the flux, CCii denotes the denotes the 
concentration, concentration, DD denotes it diffusion denotes it diffusion 
coefficient of the species i, coefficient of the species i, uu denotes the denotes the 
velocityvelocity..

NavierNavier--Stokes EquationStokes Equation

Boundary ConditionsBoundary Conditions

•• At theAt the enzyme surfaceenzyme surface

•• At Working electrodeAt Working electrode

•• No slip is assumed at the No slip is assumed at the 
channel wallschannel walls
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Fabrication of a Channel BiosensorFabrication of a Channel Biosensor

PhotolithographyPhotolithography

Reference and Enzyme Reference and Enzyme 
electrode fabricationelectrode fabrication

InletInlet OutletOutlet

MicrofluidicMicrofluidic Channel using Channel using 
PDMSPDMS

ES     WE    RE    CEES     WE    RE    CE

ESES-- Enzyme SurfaceEnzyme Surface

WEWE-- Working ElectrodeWorking Electrode

RERE-- Reference ElectrodeReference Electrode

CECE-- Counter ElectrodeCounter Electrode
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Results and DiscussionResults and Discussion

Model ValidationModel Validation



Concentration DistributionConcentration Distribution

Simulation shows higher amount of hydrogen peroxide diffusion iSimulation shows higher amount of hydrogen peroxide diffusion into the nto the 
bulk at the conventional design than the bulk at the conventional design than the interdigitatedinterdigitated designdesign

More amount of hydrogen peroxide is produced at the More amount of hydrogen peroxide is produced at the nanopillarnanopillar arraysarrays
Glucose diffuses deep into the gaps of Glucose diffuses deep into the gaps of nanopillarsnanopillars

ConventionalConventional Micro arrayMicro array Micro array + Micro array + nanopillarsnanopillars



Effect of Spacing Between Effect of Spacing Between InterdigitatedInterdigitated Micro Micro 
Array Electrodes and Width of the ElectrodesArray Electrodes and Width of the Electrodes

Spacing between the IDAs 
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•• CCollection efficiency increases with the decrease in the spacing ollection efficiency increases with the decrease in the spacing 
between the micro array inlaid electrodesbetween the micro array inlaid electrodes and width of the electrode and width of the electrode 

•• Maximum collection efficiency of about 65 % is obtained at a spaMaximum collection efficiency of about 65 % is obtained at a spacing cing 
of 1 of 1 µµm and width of 2 m and width of 2 µµm. m. 

Width of the IDAs 
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Effect of Effect of NanopillarsNanopillars

Electrode Designs

Flat IDA IDA+Nanopillar
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•• Addition of Addition of nanopillarsnanopillars exhibited an exhibited an 
enhancement in conversion efficiency and enhancement in conversion efficiency and 
current response. current response. 

••Enhancement is due to the increase in Enhancement is due to the increase in 
enzyme loading and enhancement in mass enzyme loading and enhancement in mass 
transport at the nanostructure.transport at the nanostructure.



ConclusionConclusion

The proposed design has significantly enhanced the 
current response of the channel biosensors.
Presence of interdigitated micro array electrodes has 
increased the collection efficiency as compared with the 
conventional design.
Adding nanopillars on the interdigitated micro array 
electrodes has increased the conversion efficiency 
output by two orders of magnitude as compared with 
the conventional design.
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